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Hydrogen Bomb: 


II 

/// n liich ihe leclinicaL and strategic discussion of Last 
issue is continued, and a proposal is made for a first 
step lotvard the international control oj atomic tveapons 


by Hans A. Bellie 


t \ST iMoulh IvOuis \. I^iclciiour pub¬ 
lic lied ail article on the hvdrogen 
* bomb in this magazine. Tlie dis- 
eiission is eon tinned in this second arti¬ 
cle because ol tlie tremendous impor- 
lanee of the issue. Hidenour descril.^ed 
the essential parts of tlie theory ol the 
nuclear reactions in the hydrogen bomb, 
and also discussed the hkely effects of 
the l)omb on our military security. I 
agree entirely wath his \a'e\\' that the cre¬ 
ation of the H-bomb makes our country 
more \'ulncrable rather than more se¬ 
cure. It remains lor me to discuss two 
tl’iings; On tlie technical side’ 1 shall try 
to clarily the many misconceptions tliat 
have crej;)t into the discussions of the 
H-bomb in the daily press. On tlie po¬ 
litical side, I wish to take up the moral 
issue and the incaning of tlie bomb in the 
general Ira me work of our foreign refa- 
I ions. 

Everybody who talks about atomic 
(‘iiergy knows Albert Eiiisteiir.s eipiation 
1’" -Mc': ciz., the energy release in a nu¬ 
clear reaction can lie calculated from 
the decrease in mass. In the fission of 
the uranium nucleus, one tenth of one 
per cent of the mass is conyerted into 
energy; in tlie fusion of lour hydrogen 
nuclei to form liclium, seven tenths of 
one per cent is so conv^erted. When these 
statements are made in newspaper re¬ 
ports, it is usually implied that there 
ought to be some way in which all the 
ma.ss of a nucleus could l^e coin^erted 
into energy, and that we are merely 
waiting for technical developments to 
make this practicab Needless to say, this 
is wrong. Physics is sufficiently far de- 


\'eloped to state that there will never be 
a way to make a proton or a neutron or 
any other nucleus simply disappear and 
conxert its entire mass into energy. It is 
true that there arc processes l>y which 
xai'ious smaller particles—positive and 
negative electrons and mesons—are an¬ 
nihilated, but all the.se phenomena in¬ 
volve at least one particle which does not 
normally occur in nature and therefore 
must first be created, and this creation 
process consumes as much energy as is 
a i te i \\'; i r d s 1 i be rated. 

All the nuclear processes from which 


EDITOirS NOTE 
The author is responsible only 
lor tlie statements that appear 
in the te.xt of tins article. The 
illustrations and the captions 
tliat acconijiany them were pre¬ 
pared by the editors. Tlie infor¬ 
mation contained in the illustra¬ 
tions was compiled on the basis 
of previously published material. 


energy can be tiblained involve the re¬ 
arrangement of protons and neutrons in 
nuclei, the protons and neutrons them¬ 
selves remaining intact. Hundreds of 
experimental investigations through the 
last 30 years have taught us how much 
energy can be liberated in each trans¬ 
formation, whether by the fission of 
heavy nuclei or the fusion of light ones. 
Jn the case of fusion, only the combina¬ 
tion of the very lightest nuclei can re¬ 
lease very large amounts of energy. 


Wlien four hydrogen nuclei fuse to form 
helium, .7 per cent of the mass is trans¬ 
formed into energy. But if four helium 
nuclei were fused into oxygen, the mass 
would decrease by only .1 per cent; and 
the fusion ol two silicon atoms, if it ever 
could occur, would release less than .02 
per cent of the mass. Thus there is no 
prospect of using elements of medium 
atomic weight for the release of nuclear 
('uergy, e\'cn in theor\\ 

T he main problem in the relea.se of 
nuclear energy in tho.se cases that we 
can consider serious!v is not the amount 
of energy relea.sed—this is always large 
enough—but whether there is a mecha¬ 
nism bv which the release can take place 
at a sufficient rate. This consideration is 
almost invariably ignored ))y science re¬ 
porters, who seem to be incurably fas¬ 
cinated bv E -Mc'. In fusion tlie rate of 
reaction is governed by entirely different 
factors from those in fission. Fi.ssion takes 
place when a nucleus of uranium or plu¬ 
tonium captures a neutron. Because the* 
neutron has no electric cliarge and is not 
repelled bv the nucleus, temperature has 
no important influence on the fi.ssion re¬ 
action; no matter how slow the neutron, 
it can enter a uranium nucleus and cause 
fission. In fusion reactions, on the other 
hand, two nuclei, both with positive elec¬ 
tric charges, must come into contact. To 
overcome their strong mutual electrical 
repulsion, the nuclei must move at each 
other with great speed. Ridenour e.x- 
j')lained how this is acliieved in the lab¬ 
oratory by giving very high velocities to 
a few nuclei. This method is very ineffi- 

















cient l)ecause it is highly unlikely that 
one of the fast projectiles will hit a target 
nucleus before it is slowed down by tlie 
many collisions with the electrons also 
present in the atoms of the target. There¬ 
fore the energy released by nuclear reac¬ 
tions in these laboratory experiments is 
always much less than the energy in- 
\'ested in accelerating the particles. 

The only known way that energy can 
be extracted from light nuclei by fusion 
is by thermonuclear reactions, i.a., those 
which proceed at exceedingly high tem¬ 
peratures. The prime example of such re¬ 
actions occurs in the interior of stars, 
where temperatures are of the order of 
20 million degrees Centigrade. At this 
temperature the av^erage energy of an 
atom is still only 1,700 electron volts— 
much less than the energies given to nu¬ 
clear particles in “atom smashers/’ But 
all the particles present—nuclei and elec¬ 
trons—hav^e high kinetic energy, so they 
are not slowed down by colliding with 
one another. They will keep their high 
speeds. Nevertheless, in spite of the high 
temperature, the nuclear reactions in 
stars proceed at an extremely slow rate; 
only one per cent of the hydrogen in the 
(t sun is transformed into helium in a bil¬ 
lion years. Indeed, it would be catastro¬ 
phic for the star if the reaction went 
much faster. 


The temperature at (lie center of a 
star is kept high and very nearly con¬ 
stant by an interplay of a number of 
physical forces. The radiation produced 
by nuclear reactions in the interior can 
escape from the star only with great dif¬ 
ficulty. it proceeds to the surface not in a 
straight line but l)y a complicated, zig¬ 
zag route, since it is constantly absorbed 
by atoms and re-emitted in new direc¬ 
tions. It is this slow escape of radiation 
that maintains the high interior tempera¬ 
ture, which in turn maintains the ther¬ 
monuclear reactions. Only a star large 
enough to hold its radiations for a long 
time can produce significant amounts of 
energy. The sun s radiation, for example, 
takes about 10,000 years to escape. A 
star weighing one tenth as much as the 
sun would produce so little energy that 
it would not be visible, and the largest 
planet, )iipitcr, is already so small that 
it could not maintain nuclear reactions 
at all. This rules out the possibility that 
the earths atmosphere, or the ocean, 
or the earth’s crust, could be set “on 
fire” by a hydrogen superbomb and the 
earth thus be conv^erted into a star. Be¬ 
cause of the small mass of the bomb, 
it would heat only a small volume of 
the earth or its atmosphere, and even 
if nuclear reactions were started, radia¬ 
tion would carry away the nuclear energy 


much faster than it dc\x‘lopcd, and the 
temperature would drop rapidlv so that 
the nuclear reaction would soon stop. 

11 thermonucleai' reactions are to be' 
initiated on earlli, one must take into 
consideration that any nuclear energ\' 
released will be carried away rapidlv b\’ 
radiation, so that it will not lie possilile 
to keep the temperature high for a long 
time. Therefore, if the reaction is to pro¬ 
ceed at all, it must proceed very qiiickK-. 
Reaction times of billions of years, like 
those in the sun, w'ould never lead to an 
appreciable energv release; we must 
think rather in terms of milliontlis of a 
second. On the other hand, on earth we 
Iiave a choice of materials: whereas the 
stellar reactions can use only the ele¬ 
ments tliat liaj:)pen to V)e abundant in 
stars, notably ordinary hydrogen, we can 
choose any elements we like for our 
thermonuclear reactions. We shall ol)- 
viouslv choose those with the highest 
reaction rates. 

The reaction rate depends first of all, 
and extremely sensitively, on the product 
of the charges of the reacting nuclei; tlie 
smaller this product, the liigher the re¬ 
action rate. The highest rates will there¬ 
fore be obtainable from a reaction !)e- 
tween two hvdrogcn nuclei, because h\’- 
drogen has the smallest possible cliarge 
—one unit. (The priiicipal reactions in 



BLAST EFFECT of prcscnl and |>roposed alomie 
weapons is projected on a map of New York City and 
tlie surrounding area. A uranium bomb set ofT above tlie 
Scientific American ofifice in mid town would cause se¬ 
vere destruction witliin a radius of a mile (.small circle) : 
a bydrogen bomli 1,000 times more powerful would 
cause severe deslruction within 10 miles (/r/rge circle). 


FLASH EFFECT of a hyfirogen I jo mb 1.000 times more 
powerful than ]»resen I Ijondjs woubl l>e relatively great¬ 
er than its blast enect. I be Hiroshima boiidi t aused 
fatal burns at distances u|> to 4,000 to 5,000 feet 
circle) . A bydrogen bomb would cause fatal burns at 
distances of 20 iiiiles or more (larp^t* e/re/e). 4’be inhabi¬ 
tants ot Chieago and its suburbs could t lius be wiped out. 
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H' + H’ —H^+e* 

• + • ^ 8 + • 

1.4 mev 

100,000.000.000 years 

H'+H' —He’+hv 

5mev 

.5 second 

5 + • —► + 'wv*' 



H’ + H’ —He' + hv 

CJ) + • -- ^ 

20 mev 

.05 second 

H'+H' —He’+n 

8 + 8 — 1P + 0 

3.2 mev 

.00003 second 

r+H' —H'+H' 

8 + 8 —V + * 

4 mev 

.00003 second 

H’+r—He‘+n 

9P + 8 — 8+0 

17 mev 

.0000012 second 

H’+H' —He‘+n + n 
9P+(?)— 18 + 0+0 

11 mev 

? 
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THE NUCLEAK REACTIONS involvinii; ilic lUrec i:^oto|>(^s of li> dio-eii, B\ 
fl' ( deutf'riMin) and M' Itritiinii) illnsiralo a fninlanicrUal consiiloration in 
makinii a liy^Iro^cn l>ond). I Ijr rrartion? are at left, the energy released l)y 
eaeli is in center, the linn: re^jvilrei! iVn' each is at riirlu. The reactions in- 
vtdvinji the heavier isotopes of hydrn^en proceed at a mneh faster rale. 


stars are between carbon, of charge six, 
and hydrogen.) We can choose any of 
the three hydrogen isotopes, of atomic* 
weight one (proton), two (deiiteron) or 
three (triton). These isotopes undergo 
different types of nuclear reactions, and 
the reactions occur at different rates. 

The fusion of two protons is called the 
proton-proton reaction. It has long been 
known that this reaction is exceedingly 
slow. As Robert E. Marshak stated in his 
‘ article, “The Energy of Stars,” in the 
January issue of this magazine, the pro¬ 
ton-proton reaction takes 100 billion 
years to occur at the center of the sun. 
Ridenour pointed out that the situation 
is quite different for the reactions using 
only the heavy isotopes of hydrogen: 
the deuteron and triton, A number of 
reported measurements by nuclear 
physicists have shown that the reac¬ 
tion rates lor this type of fusion are 
high. 

A further variable governing the rate 
of the reaction is the density of the ma¬ 
terial. The more atoms there are per unit 
volume, the higher the probability for 
nuclear collisions. 

It is also well known, as Ridenour 
noted, that the reactions would require 
enormous temperatures. Whether the 
temperature necessary to heat heavy hy¬ 
drogen sufficiently to start a thermonu¬ 
clear reaction can be achiev^ed on the 
earth is a major problem in the develop¬ 
ment of tlie M-bomb. To find a practical 
way of initiating H-bombs will require 
much research and considerable time. 

W HAT would be the effects of a hy¬ 
drogen bomb? Ridenour pointed 
out that its power would be limited only 
by the amovmt of heavy hydrogen that 
coukl he carried in the bomb. A bomb 
carried by a submarine, for instance, 
could be much more powerful than one 
carried by a plane. Let us assume an 
If-bomb releasing 1,000 times as much 
energy as the Hiroshima bomb. The ra¬ 
dius of destruction by blast from a bomb 
increases as the cube root of the increase 
in the bomb s power. At Hiroshima the 
ladius of severe destruction was one 
mile. So an M-bomb would cause almost 
complete destruction of buildings up to a 
radius of 10 miles. By the blast effect 
alone a single bomb coukl obliterate al¬ 
most all of Greater New York or Moscqw 
or London or any of the largest cities of 
the world. But tliis is not all; we must 
also consider the heat effects. About 30 
per cent of the casualties in Hiroshima 
were caused by flash burns due to the 
intense Inirst of heat radiation from the 
bomb. Fatal I^urns were frerjuent up to 
distances of 4,000 to 5,000 feet. Tlie 
radius of licat radiation increases with 
power at a higher rate than that of blast, 
namely by the sfjuare root of the power 
instead of the cube root. Thus the 11- 
bomh would widen tlic range of fata! 
heat bv a factor of 30; it would Inirn 
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people to death over a radius of up to 
20 miles or more. It is too easy to put 
down or read numbers without under¬ 
standing them; one must visualize what 
it would mean if, for instance, Chicago 
with all its suburbs and most of their in¬ 
habitants were wiped out in a single 
flash. 

In addition to blast and lieat radiation 
tliere a’re nuclear radiations. Some of 
these are instantaneous; they are emitted 
l:>y the exploding bomb itself and may 
be absorbed by the bodies of persons in 
the bombed area. Others are delayed; 
these come from tlie radioactive nuclei 
formed as a con.seqiience of the nuclear 
explosion, and they may be confined to 
the explosion area or widely dispensed. 
The bombs, both A and H, emit gamma 
rays and neutrons while tliey explode. 
Either of these radiations can enter the 
body and cause deatli or radiation sick¬ 
ness, It is likely, however, that most of 
the people who would get a lethal dose 
of radiation from the 11-bomb would be 
killed in any case ])y flasli burn or by 
collapsing or burning buildings. 

There \vould also be persistent radio¬ 
activity. This is of two kinds: tlie fission 
products formed in the bomb itself, and 
the radioactive atoms formed in the en¬ 
vironment by tlie neutrons emitted from 
the bomb. Since the H-bomb must be 
triggered by an A-bomb, it will produce 
at least as many fission products as an 
A-bomb alone. The neutrons produced 
by the fusion reactions may greatly in¬ 
crease the radioactive effect. They would 
be absorbed by the bomb case, by rocks 
and oilier material on the ground, and 
by the air. The bomb ca.se could be so 
designed that it would become highly 
radioactive when disintegrated by the 
explosion. These radioactiv'c atoms 
would then be carried by the wind over 
a large area of the liombed country. Tlie 
radioactive nuclei formed on the ground 
would contaminate the center of the 
bom])ed area for some time, but prolv 
ablv not for very long because the con¬ 
stituents of soil and l>uiklings do not 
form manv long-lived radioactive nuclei 
by neutron capture. 

.Xcutrons released iu the air are finally 
captured by nitrogen nuclei, which are 
thereby transformed into radioactive car¬ 
bon J/i. This isotope, however, has a long 
half-liie—5,000 years—and therefore its 
radioactivity is relatively weak. Conse¬ 
quent! v even if many ]:>ombs were ex¬ 
ploded, it is not likely that the carbon 14 
would become dangerous. 

T he decision to proceed with the de¬ 
velopment of livdrogen boml)S lias 
l)een made. I believe tliat this decision 
scttle.s only one question and rai.ses a 
Imndred in its place. What will the bomh 
do to our strategic position? Will it re¬ 
store to us the superiority in armament 
that w'e possessed lielore the Russians 
obtained tlie A-boml)? Will it improve 




our chances of winning the next war if 
one should come? Will it diminish the 
likelihood that we should see our cities 
destroyed in that war? Will it serve to 
avert or postpone war itself? How will 
the world look after a war fought with 
hydrogen bombs? 

1 believ^e the most important question 
is the moral one: Can we who have al¬ 
ways insisted on morality and human 
decency between nations as well as in¬ 
side our own country, introduce this 
weapon of total annihilation into the 
world? The usual argument, lieard in the 
frantic week before the President’s deci¬ 
sion and frequently since, is tliat we are 
fighting against a country which denies 
all the human values we cherish, and 
that any weapon, however terrible, must 
be used to prevent that country and its 
creed from dominating the world. It is 
argued that it would be better for us to 
lose our lives than our liberty, and witli 
this view I personally agree. But 1 be¬ 
lieve this is not the elioice facing us 
here; I believe that in a war fouglu witli 
hydrogen bombs we would lose not only 
many lives but all our liberties and hu¬ 
man values as well. 

Whoever wislics to use tlic hydrogen 
bomb in our conflict witli the U.S.S.R., 
either as a threat or in actual warfare, is 
adhering to the old fallacy that the ends 
justify the means. The fallacy is tlie more 
obvious because our conflict witli tlic 
U.S.S.R. is mainly about means, it is the 
means that the U.S.S.R. is using, both in 
dealing with her own citizens and with 
other nations, that we abhor; we have 
little quarrel with the professed aim of 
providing a decent standard of living for 
all. We would invalidate our cause if we 
were to use in our fight means that can 
only be termed mass slaughter. 

We liclievc in personal liberty and 
human dignity, tlie value and impor¬ 
tance of the individual, sincei-ity and 
openness in the dealings between men 
and between nations, prosperitv lor all 
and peace based on mutual trust. All this 
is in great contrast to the methods whicli 
the Soviet Government uses in pursuing 
its aims and which it believes necessary 
in the “beginning pliase” of Communism 
—which by now has lasted 33 years. 
Regimentation of the private lives of all 
citizens, systematic education in spying 
upon one’s friends, laitliless shifting of 
populations regardless of tlieir personal 
ties and preferences, inliuman treatment 
of prisoners in labor camps, suppression 
of free speech, falsification of liistory in 
dealing lioth with tlieir own citizens and 
with otlier nations, violation of promises 
and treaties and the distorted interpreta¬ 
tions offered in excuse of tliese viola- 
tion.s—tliese arc some of the methods of 
the U.S.S.R. which are liateful to the 
people of the Western World. But if we 
wish to fight against these methods, our 
methods must be clean. 

We believe in peace ba.sed on mutual 


trust. Shall we achieve it by using hy¬ 
drogen bombs? Shall we convince the 
Bussians of the value of the individual 
by killing millions of them? If wc fight 
a war and win it with H-bombs, what 
history will remember is not the ideals 
we were figliting for but the methods we 
used to accomj'ilish them. These meth¬ 
ods will be compared to the warfare ol 
Genghis Khan, who ruthlessly killed 
everv last inlialiitant of Persia. 

W HAT would an all-out war fought 
w'itii liydrogen bombs mean? Jt 
would mean the obliteration of all large 
cities and probably of many smaller ones, 
and the killing of most of tlieir inhabi¬ 
tants. After such a war, nothing that re¬ 
sembled present civilization would re¬ 
main. The fight for mCM*c survival would 
dominate everytliing. The destruction of 
the cities might set technology back a 
hundred years or more. Jn a generation 
even the knowledge of technology and 
science might disappear, because there 
would he no ojiportunity to practice 
tliem. Indeed it is likely tliat technologv 
and science, liaving brought such utter 
misery upon man, would be suspected 
as works of the devil, and that a now' 
Dark Age would liegin on earth, 

We know what physical desti uction 
does to tlic moral values of a people. Wc 
have .seen how manv Germans, alrcadv’ 
demoralized by the Nazis, lost all sense 
of morality wlien during and after the 
war the bare necessities of file, food, 
clolliing and shelter were lacking. De¬ 
mocracy and human decency were emp¬ 
ty words; there was no reserve strengtli 
left for such luxuries. If we have learned 
any lesson from tlie alterniath of ^\^)rld 
War n, it is that pliysical dcslruetion 
brings moral destruction. 

We liave also learned that prosperity 
is the i)est shield against coinmunisin and 
dictatorslu'p, and in this knowledge we 
have poured billions into Western En- 
I'opc to restore lier economy. This gen¬ 
erosity has won us inure Iriends than 
any tiling else we luvve done. IhiV alter 
tlie next war, if it were fought with 
atomic and liydrogen bombs, our own 
country would be as griev^onsly de¬ 
stroyed as Europe and tlie U.S.S.R., and 
we could no longer alforcl such generosi¬ 
ty. It would be everyone lor himsell, 
and everyone against tlie otlier. 

It is ironical tliat the U. S. of all 
countries should lead in developing such 
methods ol warfare. Tlic military meth¬ 
ods adopted by this nation at the outset 
of the Second Woi’ld War had tlie aim 
of conserving lives as mucli as possilile. 
Determined not to repeat tlie slaughter 
of the First World War, during which 
hundreds of tliousands of siildicrs were 
sacrificed in fruitless frontal attacks, the 
U. S. liigh command substituted war liv 
machines lor war l)y unprotected men. 
But tlic hydrogen bomb carries meeliani- 
cal warfare to ultimate absmzlity in 
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defeating its own aim. InstqJid oi sav¬ 
ing lives, it takes many more lives; in 
place of {)ne soldier wlio would die in 
battle, it kills a hundred noncombatant 
civilians. Surely it is time for us to re¬ 
consider what our real intentions are. 

One may well ask: Why advance such 
arguments with rercrence to the H-l)oml:) 
and not atomic boml)s in general? Is an 
atomic bomb moral and a hydrogen 
iromb immoral, and il so, where is tlie 
dividing line? I belie\'e there was a deep 
feeling in this country right after the war 
that the use of atomic l)ombs in |aj)an 
had been a mistake, and that these bombs 
should be eliminated from national arma¬ 
ments. This feeling, indeed, was one of 
the prime rcMSons lor President Truman’s 
offer of international control in 1945. 
Wc know that the negotiations for con¬ 
trol have not led to success iis yet. But 
our inability to eliminate atomic bombs 
is no reason to introduce a bomi) wijich 
is a thousand times worse. 

When atomic l)ombs w^ere first intro¬ 
duced, there was a general feeling that 
tl^ev represented something new, that 
(lie thousandfold increase of destructive 
power from bloeklnister to atom bomb 
i-e(|uired and made possible a new ap¬ 
proach. The step from atomic to hydro¬ 
gen bombs is just as great again, so we 
have again an equally strong reason to 
seek a new approach. We have to think 
how wc can save luimanity from this ul¬ 
timate di.saster. And we must break the 
I lab it, which seems to liav^e taken hold 
of this nation, of considering every 
w'capon as‘just anotlier piece of ma¬ 
chinery and a fair means to win our 
struggle with tiie U.S.S.H. 

I HAVE reviewed the moral issues 
that should deter us from using hy¬ 
drogen boinl)s even if we were sure that 
we alone would have them, and that 
they would contribute to, our victory. 
As Ridenour explained, the situation is 
lather the opposite. We can hardly ex- 
l^ect to have a monopoly on hydrogen 
bombs. If w^e ever bad anv illusions 
al)out this, the events of the past few 
months sliould have destroyed them. 
1’Iic U.S.S.H. has the atomic bomb. She 
W'as undoubtedly lielped in her efforts 
by tlie secret information she received 
from Klaus Fuchs, which presumably 
included many of the vital Tsecrets’' 
of our project. But knowing how a 
group of scientists put the bomb to¬ 
gether would not by itself enable a na¬ 
tion to make one. If Fuchs had giv^en his 
information to Spain, for instance, it 
would hardly have been understood; it 
would presumably not have l)een used, 
and even if used it would almost cer¬ 
tainly not have led to success. The prime 
requirements for the job still are a group 
of highly capable scientists, a country 
determined to make the weapon and a 
great industrial effort. We know now, if 
wc ever doubted it, tliat the U.S.S.H. 


lias all of these. For the Soviet scidntists 
the information must simply have re¬ 
solved many doubts as to which steps to 
take next and saved a number of costly 
and futile parallel developments. 

Tlicir obvious competence will pre¬ 
sumably again bring success to the Hus- 
sians when they try to develop the H- 
bomb. Vet their decisions and their suc¬ 
cesses are not independent of our own. 
Our decision to make the H-bomb, w hich 
sliow'-ed that w^e considered the jiroject 
feasible, mav w'ell have prompted them 
io take tiie same decision. For this rea¬ 
son I think that onr decision, if taken at 
all, should have been taken in secret. 
I bis became impossible, liow'cver. w'hen 
tlie advocates of the H-liornl) used pub¬ 
lic statements as a means of exerting 
pressure on the President. If the Russians 
were already w-orking on the H-lxiinb 
iiefore our decision, they wall now liave 
increased their effort. 

It is impossible to predict w'liethcr w'e 
or the Russians wall have the hydrogen 
bomb first. We like to assume that w^e 
shall. If so, I refuse to believe that the 
U. S. waiuid start a preventive wair. That 
wanild violate all the fundamental lie- 
liefs of this nation, and that these beliefs 
are still strong is showai by the history 
of the past four years: although w-e had 
^ a monopoly of the atomic bomb w^e did 
not start a w^ar. Clearly, then, the time 
wall come w4ien both the U.S.S.H. and 
this country wall have H-bombs. Then 
this country will be much more vulner- 
able tiian the U.S.S.H.: as Ridenour ex¬ 
plained, we have many more large cities 
that w^ould be inviting targets, and many 
of these lie near the coast so that they 
could ])e reached l^y submarine and per¬ 
haps a relatively short-range rocket. I 
think it is therefore correct to say that 
the existence of the hydrogen bomb wall 
give us military weakness rather than 
strength. 

B ut, say the advocates of the bomb, 
W'hat if the Russians obtain the 
H-bomb first? If the Russians have the 
l)omb,' Harold Urey argued in a speech 
just before the President’s decision, they 
may confront us with an ultima turn to 
surrender. J do not believe we w'oukl 
accept such an ultimatum even if we did 
not have the H-bomb, or that we w'ould 
need to. I doubt that the hydrogen 
lx)mb, dreadful as it would be, could 
wan a war in one stroke. Though it might 
devastate our cities and cripple our 
ability to conduct a long war with all 
modern weapons, it would not seriously 
affect our power for immediate retalia¬ 
tion. Our atomic bombs, whether '‘old 
style’’ or hydrogen, and our planes would 
presumably be so distributed that they 
could not all be wiped out at the same 
time; they would still be ready to take 
off and reduce the country of the ag- 
gre.ssor to at least the same state as our 
owui. Thus the large bomb would bring 


untold destruction but no decision. I 
believe tliat “old-fashioned” A-bombs 
w'ould be sufficient to even the score 
in ease of an initial Soviet attack wulh 
I l-bombs on this country. In fact, be¬ 
cause of the greater number available, 
A-bombs may well be more effective in 
destroN'ing legitimate military targets, 
ijicluding production centers. H-bombs, 
after all, w'ould be useful only against 
the largest targets, of w4iich there are 
\'erv lew^ in the U.S.S.H. 

So w^c come finally to one reason, and 
only one. that can justify our building 
tlie H-boml3; namely, to deter the Rus¬ 
sians Irom using it against us, if only for 
lear of our retaliation. Our possession 
of the bomb might po.ssiblv put us in a 
better position if the U.S.S.H. should 
present us wfith an ultimatum based 
their possession of it. in other w-ords, the 
one purpose of our development of the 
l)oml) would be to prevent its use, not to 
use it. 

U tliis is our reason, wx‘ can contribute 
mucli to the peace of tlie w'orld Iw stat¬ 
ing this reason openlv. This could be 
done in a declaration, either by Congress 
or l)y the President, that the U. S. wall 
never lie the first to use the hydrogen 
lioml), that we waxild employ the w'eap- 
on only if it w’ere used against us or 
one of our allies. A pledge of this kind 
w'as proposed in a press statement by 12 
jihysicists, including myself, on Feb¬ 
ruary 4. It still appears to me as a prac¬ 
tical step towaird relief of the interna¬ 
tional tension, and towaird freedom from x 
(ear lor the wa)i'ld. The pledge wa)uld 
indicate our desire to avoid needless 
tlestruction; it w'oulcl reduce the likeli- 
liood of the use of the hydrogen bomb 
in the case of wair, and it w^ould hu-gely 
eliminate the danger that fear of the 
H-bomb itself would precipitate a wair. 

If w^e do not make this pledge, tlie 
iiydrogen bomb w^oiild almost surely be 
used. Once w^ar broke out, our military 
leaders waxild be blamed, in the absence 
of a pledge, if they did not immediately 
initiate a full-scale hydrogen-bomb at¬ 
tack. But if such a pledge existed, they 
would be blamed if they did use tlie 
bomb first. To be sure, the pledge might 
not be relied on by our adversaries, lx.it 
at least it would create a doubt in their 
minds and they might decide to wait 
and see. Perhaps they would not wish to 
provoke the certain use of the Iximb bv 
dropping the first one. Moreover, if they 
started a war, they would probably hope 
to capture our country and to exploit 
its w'ealth ratlier than to conquer a heap 
of rubble. 

VVe have proposed unilateral action 
rather than an international treaty on 
this pledge. VVe have done this because 
negotiations with the U.S.S.H. are known 
to be long and frustrating. A unilateral 
pledge involving only this country could 
be made quickly, and it could not again 
lead to the disappointment of a break- 
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:lo\vn of negotiations. On the other ]iancl, 
vve certainlv would not want to exclude 
-i pact with the U.S.S.R. on this subject. 
This might be the first point on which 
the two countries could agree, and this 
in itself would be important. 

Obviously the pledge can only be a 
first step. What we really want is a 
workable agreement on atomic energy, 
AS part of our eflorts toward a lasting 
peace. Much has been said in the last 
few weeks about new negotiations on 
atomic control. Opinions vary from that 
of Senator J3rien McMahon, who pro¬ 
posed to spend $50 billion for rehabili¬ 
tation of war-devastated countries in¬ 
cluding the U.S.S.R. in exchange for an 
atomic settlement, to thaU of Senator 
Millard Tydings, who declared that an 
atomic settlement would not be iiccept- 
able to this country unless it was coupled 
with general disarmament, which he has 
advocated for a long time. Roth of these 
viewpoints, and those of many other 
Senators, show the desire of this coun¬ 
try for some agreement. At the same 
time there are persistent reports, clearly 
indicated in recent dispatches from the 
New York Titues correspondent in Mos¬ 
cow, that the Russians might like to 
negotiate. It seems to me that too much 
is at stake to miss any such opportunity. 

O N the other hand, President Truman 
voiced the fears of many of us when 
he stated recently that there is no se¬ 
curity in agreements with the Russians 
because they break them at will. He re¬ 
ferred to tlie agreements of Yalta and 
Potsdam in 1945. Since then we have 
learned much about Soviet metliods, and 
tlie Russians have found that we do not 
retreat as easily as they apparently im¬ 
agined in 1945. This more realistic mu¬ 
tual appraisal makes it much more likely 
that we could now come to arrangements 
which neither side would regret after¬ 
ward. Obviously in any negotiation 
each side must be willing to make con¬ 
cessions and to consider primarily pro¬ 
posals directed *to mutual advantage 
rather than superiority over the other. 

The situation in atomic energy has 
changed, both because of the Soviet de¬ 
velopment of the A-bomb and because 
of our decision on the H-bomb. To leave 
atomic weapons uncontrolled would l>e 
against the best interests of both coun¬ 
tries. If we can negotiate seriously witli 
the U.S.S.R., the .scope of the negotia¬ 
tions should probably be as broad as 
possible. But the situation would be 
greatly eased even if we could agree 
only to eliminate the greatest menace to 
civilization, the hydrogen bomb. 



Hans A. Bethc, from 1943 to 1946 
chief of the theoretical physics 
division at the Los Alamos Sci¬ 
entific Laboratory, is professor 
of physics at Cornell University. 


THE TIME REQUIRED for ihc nuclear reactions between dculerons (\\~ 
nuclei) and each of the three hydrogen isotopes is plotted against toinpcra- 
turc. The vertical cooialinatc is in seconds; tlie horizontal coordinate in 
millions of degrees Centigrade. Deuteron-triton reaction proceeds fastest. 
Sun’s tcnipcralure is 6,000 degrees at surface, 20 million degrees at renter. 









































































































































